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Stimulus-Dependent Increased Generation of Oxygen Intermediates in 
Monocytes and Polymorphonuclear Leukocytes in Psoriasis* 
R UDOLF E. SCHOPF, M.D. AND ELKE STRAUSSFELD, M.S.t 
Hautklinih (Director: Prof. Dr. G. W. /(orting), Johannes Gutenberg-Uniuersitiit, Mainz, F.R.G. 
Based on recent findings indicating increased respi-
ratory burst activity of monocytes (M¢) and polymor-
phonuclear leukocytes (PMN) in psoriasis upon stimu-
lation with zymosan particles, we examined the question 
of whether incubation with various stimuli always re-
sults in augmented oxidative metabolism in psoriatic 
phagocytes. We compared M¢ and PMN isolated from 
the peripheral blood of 12 patients with psoriasis and 
12 control individuals. We measured the generation of 
oxygen intermediates of resting and stimulated M¢ and 
PMN by luminol-enhanced chemiluminescence. The 
stimulants applied were: (1) aggregated immunoglobu-
lin (agglg), (2) zymosan, (3) zymosan opsonized with 
autologous serum, (4) phorbol myristate acetate (PMA), 
and (5) concanavalin A (ConA). We found no difference 
between patients and controls in the generation of oxy-
gen intermediates by resting M¢ and PMN. Stimulation 
by agglg and zymosan yielded an increased chemilumi-
nescent response in psoriatic M¢ and PMN. Serum-
treated zymosan effected increased light generation in 
M¢ but not in PMN of patients . By contrast, PMA, and 
in particular ConA, brought about markedly increased 
generation of oxygen intermediates in PMN only of 
patients with psoriasis. Our results indicate control of 
the increased generation of oxygen intermediates of M¢ 
and PMN by different stimuli. The metabolic events 
underlying the augmented phagocytic response may be 
similar to abnormalities found in involved psoriatic 
skin. 
Although psoriasis is primarily a skin disease there are sev-
era l findings indicating substanti al abnormali t ies of other or-
gan systems including t he wel l-known occurrence of osteoar-
t hopathy. In the laboratory, a vast number of investigations 
has recently led to findings disclosing aberrations of the im-
mune system, generally comprising a depressed lymphocytic 
[1-6] and an augmented phagocytic reactivity (summarized in 
part in [7]) . In particular, an increased respiratory burst activi ty 
of monocytes/macrophages (M(jJ) and polymorphonuclear leu-
kocytes (PMN) upon stimulation with zymosan particles has 
been found [8]. Based on these findings, we set out to investi-
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gate whether the stimulation by different receptors of psoriatic 
M¢ and PMN always resul ts in augmented respiratory burst 
activity. 
The interaction of phagocytes with appropriate stimulants 
results in markedly increased oxygen metabolism, collectively 
termed respiratory burst, with concomita nt generation of oxy-
gen intermediates [9]. The energy released in the resulting 
oxygenation of substrates can be detected by sensitive photo-
multipliers in the form of light-chemiluminescence [10] . A 
la rge increase can be obtained by the in troduction of a chem-
iluminigeneic probe such as luminal [11,12]. 
ln our experiments, we measured t he generation of oxygen 
intermediates of M(p and PMN isolated from the peripheral 
blood of patients with psoriasis contrasted to normal control 
individuals. We compared t he stimulatory response induced by 
(1) aggregated immunoglobulin (agglg) interacti ng presumably 
with Fe receptors, (2) zymosan particles serving as a well-suited 
particulate stimulant, (3) autologous serum-opsoni zed zymosan 
particles binding to C3b receptors, ( 4) phorbol myristate acetate 
(PMA) for which specific receptors have been identified on 
phagocytes [13], and concanavalin A (ConA), binding to man-
nose moieties on t he cell surface. In addition, we related the 
generation of oxygen intermediates of quiescent, unstimulated 
M(/l and PMN of patients and controls. Our results indicated 
significant functional alterations of peripheral blood phago-
cytes in psoriasis. 
MATERIALS AND METHODS 
Patients 
Twelve hospita lized patients with psoriasis vulgaris were selected at 
random. Their ages ranged from 18- 70 years. Roughly, 5-20% of t he 
body surface was affected with psoriatic les ions. Blood was drawn 
before commencing antipso riatic treatment. Prior to hosp italization, 
some of t he patients had been on top ical treatment with corticosteroids 
or anthra lin . None of the patients was on systemic medicatio n. 
Controls 
Twelve age- and sex -matched vo luntee rs consisting of healthy labo-
ratory personnel a nd two patients with basal ce ll epi thelioma without 
signs of other skin diseases or systemic abnorma li t ies were included. 
All cont rols had no histories of psoriasis or other chronic skin disease. 
Isolation. of Mononuclear Cells (MNC) 
Venous blood (25- 50 ml) was drawn from each individua l with t he 
addition of 10 1 U heparin / ml between 7 and 8 AM . MNC were isolated 
by t he standard density gradient method [14]. Isolated MNC contain ed 
less t han 5% PMN. All isolated ce lls were suspended in minimum 
essentia l medium (MEM) (Gibco Eu rope) supplemented with 0. 1 mg/ 
ml penici llin -streptomycin. 
!dentificat:ion of M<t> 
Monocytes in the MN C suspension were identified by esterase 
stain ing [15]. Cell suspensions we re adjusted to 2 X 106 M<t,/ml irre-
spective of the tota l MN C co ncentration. It. has bee n determined 
previously t hat the chemi luminescent response in the MNC suspension 
is due to M</J and not to lymphocytes [16]. In both patients and controls, 
t he percentage of M¢ ranged from 9- 21% among the MNC. 
!solatzon of PMN 
These ce lls were a lso isolated according to Boyum 114]. Lysis of 
erythrocytes was performed with 0.98% NH,CI (Merck, Darmstadt , 
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F.R.G .) so lution. The resulting ce ll s uspe ns io n conta in ed mo re than 
9fi'in PM N. Ce ll numbe r~ we re adju~ted to !i X JO" PM N/ml. 
Viabilitv Test in~ 
Cell v iabilit y was l(a uged by 0.4 % lrypan hlue (Merck) exclus io n a nd 
found to exceed 9R% . 
S'limu li to In duce the Respiralory Hurst 
For eac h o f t.he follow in g stimuli, we first dete rmined t he dose to 
induce optimum chemiluminescent response. 
W e used a nti teta n us immun oglobulin (Cut,te r, Berke ley, Ca lifo rnia) 
as a source o f al(g rel(ated immunoglobulin . Mo lecula r-s ieve chromatog-
ra phy with Sephadex (R) G-200 revea led tha t t hi s prepa ratio n e luted 
as one single pea k a t t.he begin ni ng of t. he a na lys is, indicat ing t hat it 
was free of monomeric lg(;, i.e. , cou ld he cons ide red to cons is t o f 
agg regated immun ol(lobulin (le ngth of colu mn 600 mm , dia mete r 26 
mm , elution wit b 0. 1 M phosphate-buffe red sa lin e pH 7.35, fl ow ra te 
25 ml/ h). The fina l concen l ra tio n of th e <li!Jdl! in the chemiluminesce nt 
ex periments was I 0 mg/ ml, y ie ldin g optimum s timula tion of bot h PM N 
a nd M</'-
Zymosa n partic les (S igma, Muni ch ) sus pended in 0.9% NaC I so lu -
tion at. 4 111 1!/ml we re pl aced in a bo iling-wa ter bath fo r :30 min , washed 
twice, a nd resuspe nded in MEM at 2 mg/ml. T he fin a l concentration 
emp loyed was 0.:3:\ mg/ ml. 
Opsonizat io n o f zymosa n was achieved by incubating zymosan pa r-
ticles at 2 mg/ ml wi th equal vo lum es of fres h, a uto logous se rum fo r :30 
min at :HJ"C'. After washing :) times hy centrifuga ti on at 1000 g, 
opso n ized zymosan was reco ns ti tuted nt 2 mg/m l. T he fin a l cu ncentra-
1 ion used was o.:tl ml!/ m l. 
4{:1- Phorbol- 12- myr is tate-1:1-acetate (PMA) (Sigma) was dissolved 
at. 5 m~/ml in dimethylsu lfox ide (DMSO) (Merc k). After diluting with 
ste ri le phys io logic sali ne. s ma ll a liquots we re sto red frozen at -70"C. 
For chemiluminesce nt ex per imen ts, we used n fin a l co ncentrat ion of 
1.7 1'~/m l PMA , yie ldi ng optim um respo nse. At thi s d ilu t ion , DM SO 
a lone exert ed no effec t on c hem ilu minesce nce. 
ConA (P ha rm ac ia, Fre ihurg, F.R.G.) was empl oyed at a fin a l co n-
ce ntrat ion o f 2 10 pg/m l wit h Mt/> a nd l :lpg/m l with PMN, resul t ing in 
opt imum che miluminesce nt response . 
T he in cubfll ion per iods with I he va ri ous st im u li differed , co rrespond -
in g t.o the opt imu m stimulato ry capRcil.v. In the case of M r/>, the ti me 
inte rva ls from initi a l ion of stimul at io n to peak chemi lu minescence 
ve locity we re :10 min with zymosa n a nd PMA. 2!1 min wit h se rum -
treat ed zymosa n, 20 min with agg lg, and 2 min with ConA. In PMN , 
peak chem il uminescence was ach ieved at :lO min with agg lg, zymosa n , 
Find PMA, :Zfi min wit h se rum -trea ted zymosa n , a nd 4 min with Con A. 
The chemi lumin esce nt act ivit ies of resting ce ll s were compa red a fte r 
:10 min: these va lues rema ined rat he r con~t.n nl ove r t he entire incuba-
tion pe riod. The kinet ics o f I he stimulation did not diffe r s ign i!J ca nt.ly 
amo ng the individu:-1 ls . the re fo re o nly t he va lues of peak responses 
a tt a ined a rP given. 
('h ernilurnint' . ..,'C('/1('(1 Assay 
T he method as outlined in detai l e lsew he re wa~ e mployed [1 7]. In 
bri e f, measure ment s we re perfo rmed in 12 X 47 mm polysty ro l cuvet.tes 
(Lumac, Dusse ldo rf, F.R.G.) in dupl ica te in a luminescence a na lyze r 
(Bio lumat LH 9!)00. Fa . Be rt ho ld, Wi ldbad . F.R.G.). The in cubatio n 
mixtu re co ns is ted of 0. 1 ml of the s timula nt so lution o r MEM as 
ne~ative co ntrol. a nd 0 .1 ml lumino l (Fiu kil AG, Buchs, Sw it ze rland) 
so lution a t a final concent rat ion of2 X w-·• M . T hi s incubation mi xtu re 
was warmed to :)7"(' in a wnte r bRI h fo r 10 m in. Then , 0 .1 ml o f the 
Mt/> or J>M N suspe nsion was added. After the period o f incubation as 
indicated nt :l7"C', t he amoun t o f light emi ss ion was determined a nd 
reco rded us count s/ I 0 s. 
Stoti.,timl Anolysis 
C hemiluminesce nt. activities o f \ he phal(ocytes fro m pa ti ents and 
contro ls we re compa red statis ti ca ll y b.v the two -tai led Student 's 1-test.. 
RESULTS 
Action. of th e Differen.l St£m.uli on. th e Chem.£/um.in.escent 
Response of Monocytes 
Aggregated immunoglobu lin , zymosan, and zymosa n opson-
ized with auto logous se rum induced a significantly higher li ght 
generation in psoriatic than cont rol Mct1. Stimulation with PMA 
yielded no differe nce between the two groups. Although ConA 
effec ted a higher median generation of oxygen intermediates in 
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Mc/J from pat ients, t he resul ts were insignificant statistically . 
Unstimulated Mc/J of patients and controls behaved in a similar 
fashion (Fig 1). Next, it was also of in terest to examine t he 
respiratory burst activities in PMN. 
E ffects on PM N 
Both agglg and zymosan particles brought about higher stim -
ulato ry response in the patient group. In cont rast to M c/J, serum -
t reated zymosan caused only a margina lly higher response in 
PMN from patients with psoriasis (Fig 2). On the other hand 
PMA as well as ConA effected a markedly higher respirator; 
burst activity in PMN from patients with psoriasis. Similar to 
Mc/1, resting, unstimulated PMN exhibited no difference in t he ir 
generation of oxygen intermediates between patients and con -
trols. The increased chemiluminescent responses were not af-
fected by t he extent of the disease process, i.e. , t he elevated 
levels of phagocytic activities did not depend on the body 
surface covered with psoriatic lesions. From these results it was 
concluded that selective functional modulation of PMN and 
Mc/1 may be exerted by different stimuli . 
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FIG 2. C hemiluminescent response o f poly mo rphonuclea r leuko-
cyles (PMN) upon stimulation with various stimuli. 
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DISCUSSION 
Our experim ents demonstrate t hat resting, unstimulated M et> 
and PMN exhibi t no increased metabolic activity as judged by 
t he1r genera tion of chemiluminescence, findin gs that are in 
c?mmon with the previous report [8]. Howeve r, upon stimula-
tiOn, the phagocytes of psoriat ics displayed marked differen ces 
compared to t he controls. 
. Aggregated immunoglobu lin induced increased light genera-
tiOn bot h tn Me/J a nd PMN of patients. Studies concerning Fe 
receptor function in pso riasis have not been reported before. 
The.refore, it is still unclea r whether phagocytic ce lls in pso-
nasiS express more Fe receptors tha n t hose in normals or 
whether t he subsequen t metabo lic events t riggered by Fe recep-
to r-aggig in te raction have been augmented. 
<?ur resul ts fur t her strengthen previous findin gs that stimu-
latiO n by zymosa n partic les resul ts in increased respiratory 
burst activi ty of bot h Me/J and PMN in psori asis, as has been 
r eported [8, 18]. 
Zymosan part icles opsonized by autologous serum caused a 
statisti ca lly significa nt higher stimulat ion in M r/J but not in 
PMN from patients with pso riasis. ft has been reported that 
z?'mos~n particles opsonized wi t h sera from patients wi t h pso-
nasis mduce normal formation of superox ide when incubated 
V:ith a llogeneic control PMN [19], a lt hough the direct incuba-
tiOn of PMN with zymosan plus serum from patients with 
psoriasis yielded increased superox ide ge neration. M <t>, how-
ever, have not been examined in t his respect before. Our 
~ndings hin t at t he possibili ty of increased C3b recep tor expres-
SIOn on psoriatic M¢, a possibility t hat remains to be cla rified 
in the future. 
The respiratory burst activity of both M¢ and PMN can be 
inhibited by a number of agents including colchicine a nd vin -
blast in (data not shown) acting on t he cytoskeleton , by t ran-
glutaminase inhibitors [26], protease inhibitors (27], and {:3-
adrenergic stimula nts [28]. Lesional skin in psoriasis has been 
desc ribed as exhibiting abnorma lit ies in the cytoskeleton and 
the mentioned enzyme a nd other systems [29-32]. Very re-
cently, it has been postulated that phagocytic chemilumines-
cence is due primarily to lipoxygenase pathway metabolism 
[ ~3 ] . Involved psoriatic epidermis metabolizes the major por-
t iOn of arachidonic acid via the lipoxygenase pathway (sum-
marized in (34 )) . Inhibitors of cyclooxygenase have been found 
to precipitate psoriasis [35] while, on the other hand, benoxy-
profen , a lipoxygenase inhibitor, has clinica lly improved pso-
n aSIS (36]. Thus, t hese findings do sugcrest common abnormal-
it ies both in t he psoriatic skin and in the peripheral blood 
phagocytes, supporting the concept of psoriasis as a systemic 
disorder. 
At t his t ime, however, it cannot be decided whether t he 
increased respiratory burst activi t ies are specifi c for psoriasis 
or whether this also occurs with other cutaneous diseases an 
important question that rema ins to be cla rified in the fut~re. 
O~r data do show t hat the a ltered chemiluminescent reactivi ty 
IS mdependent of the extent of the skin les ions. Similar findings 
have re~ently been published with respect to chemotaxis [37]. 
Interestmgly, very recent results in our laboratory indicate that 
patients with rheumato id a rt hri t is exhibit subnormal PMN 
chemiluminescence (unpublished data) . 
To summari ze, our results indicate that the increased cren-
eration of oxygen intermediates of Mc/1 and PMN in psoriasis 
may be regu lated by the in te raction between the stimulus and 
its specific recognition site on t he phagocytic cell surface. 
Furthermore, t he metabolic events involved in t he increased 
generation of phagocytic oxygen intermediates parallel some of 
t hose found in the involved psoriatic epidermis. 
REFERENCES 
PMA brought about a greater chemiluminescent response in 
psoriatic PMN but not in M¢. M r/1 of both patients and cont rols 
were stimulated only marginally by PMA, possibly reflec t ing a 
low a ffinity of M et> for PMA, in contrast to PMN which ex-
pressed specific receptors for PMA a nd other phorbol dieste rs 
[1 3]. The failure by one group to find enha nced respiratory 
burst act ivity employing a photometric test in PMN stimulated 
w. it h PMA [20] probably reflects methodologic differences, as 1. Glinski W, Obalek S, Langner A, Jabl onska S, Haftek M: Defect ive 
t ld b funcLton of T lymphocytes in pso rias is. J Invest Dermatol 
1 cou e shown t hat chemiluminescence is considerably more 70:105- 11 o, 1978 
sensit ive tha n photometric assays for moni toring t he respira- 2. Krueger GG, Hill HR, Jederberg WW: Jnflammatorv and immune 
to ry burst (17]. ce ll functi on in pso rias is- a subtle diso rder. L !~1 vivo and in 
ConA incubation yielded a hi ghly s ignificant increased chem- vitro survey. J Inves t Dermat.ol 71:1 89- 194, 1978 
.
1 
3. Krueger GG . ,Jederbe_rg WW, Ogden BE1 Reese DL: In flammatory 
I uminescent response in psoriat ic compa red to normal PMN and nnmune cell fu ~cLion tn pso nas ts. II. Monocyte funct ion, 
but not Mr/J. Max imum response in PMN occured with 13 J.L g/ lymphok me productton. J In vest Dermatol 71:195- 201., 1978 
m l ConA, in Mr/1 wi t h 210 11gjml. This suggests differen t ia l 4. Gladma n DD, l<.eyst.one EC, Russell ML, Schachter RK: Impai red 
sensitivi ty of mononuclear compared to polymorphonuclear nnt.tgen-specdtc suppressor ce ll activity in psoriasis and psoriatic arthritis. J Invest Derma to I 77:406- 409, 1981 
le ukocytes to ConA. In additi on, pso riatic PMN may either 5. Gladman DD, Keystone EC, Schachter RK: Aberrations in T-cell 
express more man nose moit ies on t heir external cell surface or subpopulations in patient s wit.h psorias is and pso riatic a rthritis. 
react more strongly t ha n norma l PMN in response to ConA. J Invest Dermatol 80:286- 290, 1983 W f 6. Hunyadi ~ . Dobozy A, Kenderessy AS, Simon N: Suppressor func-
e avor the hypothesis of alte red membra ne properties of ttOn of penpheral blood mononuclea r cells in patients with 
psoriatic PMN as suggested by their increased adherence [21] . psorias is vu lga ris. J In vest Derma to\ 75:217- 218, 1980 
The possibili ty that t he topica l ant hralin and cort icosteroid 7. Greaves MW: Neutrophil polymorphonuclea rs, mediators and the 
treatment may have led to increased resp iratory burst activi t ies pathogenesis of psoriasis. Br ,J Derma tal 109:115- 1 18, 1983 8. SchopfRE, :\ ltmeyer P, Lemme! E-M: Increased respiratory burst 
in some of t he patients appears unlikely s ince a nt hralin has ac t1vtty of monocytes and polymorphonuclea r leukocytes in pso-
been found to penetrate only to t he stratu m spinosum (22], and riasis. Br J Dermatol 107:505- 510 !982 
no systemic effects have been observed a fter topical anthralin 9. Babior BM: Oxygen-depende nt mic r~bi a l killing by phagocytes. N r Eng\ ,J Med 298:659- 668, 721- 725 1978 
app tcations [23]. Furthermore, we have been unab le to detect 10. Allen RC, Stjernholm RL, Steele RI~ : Evidence for the genera1.ion 
any influence of anthralin on the zymosan-induced respiratory of an electronic excitation state(s) in human polymorphonuclear 
burst in human M el> and PMN [24]. By co ntrast, topical corti - leukocytes and its participation in bactericidal activity. Biochem 
costeroids kn own to exe rt systemic effects [25] may have led Biop ltys Res Commun 47:679- 68·1, 1972 11 Allen R.C, Loose LD: Phagocytic act ivation of a luminal-dependent 
to s uppression of the respiratory burst, as it can be shown that · chemiluminescence in rabbit alveolar and peritoneal macro-
t hese drugs inhibit phagocytic chemiluminescence in vitro phages. Bioc hem Biophys Res Co mmun 60:245- 252, 1076 
[24]. Therefore, it cannot be excluded t hat in some of t he 12. Allen RC: Biochemiexcitation: chem iluminescence and the study 
patients t he chemiluminescent responses were actua lly sup- of biologica l oxygenation reactions, Chemical and Biological 
d d 
Generation of Excited States. Edited by W Adam. G Cilen1 o. 
presse ue to prior topical corticoste roid treatment . New York , Academic Press, 1982. pp 309- :144 
Comparing the response of M </1 and PMN to t he 5 s timuli, 1::3 . Lehrer Rl, Cohen L: Receptor-mediated regulation of superox ide 
ou r results suggest different ia l functional modulation of PMN production in human neutrophils stimulat ed by phorbol myris-
or Me/
1 
stimulated by various liga nds, i.e., cont rol of the in- tate acetate. J Clin Invest 68:13 14- 1320, 1981 14 Boyum A: )so lat ion of mononuclear ce lls and gnwul ocytes from 
creased respiratory burst activity in pso riasis may be exerted · human blood: isolation of mononuclea r cells by one cent rifuga -
by t he stimulus a nd the responding cell type. tion , and of granulocytes by combi nin g centrifugation and sedi-
76 
15. 
SCHOPF AND STRAUSSFELD 
mentation at 1 g. Scand J Clin Lab In vest [S uppl] 97:77- 89, 
1968 
Tucker SB, Pie rre RV , J o rdon RE: Rapid identification of mono-
cytes in a mix ed mononuclea r ce ll preparation. J lmmunol Meth -
ods 14:267- 269, 1977 
16. Schopf RE, Hamm ann KP, Sc heiner 0 , Lemme! E-M, Dierich MP: 
17. 
18. 
19. 
20. 
2 1. 
22. 
24. 
25. 
26. 
Activation of huma n monocytes by both huma n {31H and C3b. 
Immunology 46:307- 312, 1982 
Schop f RE, Mattar J , Meye nburg W, Scheiner 0, Ha mmann KP, 
Lemme! E -M: Respirato ry burst measurements of huma n mon-
ocytes and polymorphonuclea r leukocytes by nitro blue tetrazo-
lium reduction compared to chemiluminescence. J lmmunol 
Methods 67:109- 117, 1984 
Krueger GG, J ederberg WW: Monocyte function in patients with 
psoriasis as assessed by chemi luminescence a nd monokine pro-
duction. Clin Res 27:137, 1979 
Sedgwick JB, Bergstresser PR, Hurd ER: Increased superox ide 
generation by normal gra nul ocytes incubated in se ra from pa-
tients with psoriasis. J Invest Derma to! 76:158- 163, 1981 
J-l erlin T , Borregaard N , Kragbal le K: On the mecha nisms of 
enha nced monocyte a nd neutrophil cytotoxicity in severe pso-
rias is. J Invest Dermatol 79:104 - 108, 19fl2 
Sedgwick JB , Be rgstresser PR, Hurd ER: Increased gra nulocyte 
adherence in psoriasis and psoriatic a rt hri t is .. ) Inves t Dermatol 
74:81- 84' 1980 
Raab W: Zur a ntipsori atischen Wirkung von Dithranol (An-
thralin) . Hauta rzt 26:452- 455, 1975 
Gay MW , Moore W.J , Morga n JM , Montes LF: Anthralin tox icity. 
Arch Dermatol 105:213- 215, 1972 
Schop f RE, Meyenburg W, Matta r J, Lemme] E-M: Chem ilumi -
nescence as a new assay system for the effect of drugs on 
monocyte a nd granulocyte activity. Arch Dermatol Res 273:176, 
1982 
Feiwel M, Kelly WF: Adrena l unresponsiveness associated with 
clobetasol proprion ate. Lancet 11 2:7872, 1974 
Gunzler V, Sc hopf RE, J-l a naus ke-Abel HM , Schulte- Wissermann 
Vol. 84, No . 1 
H: Transglutaminase a nd polyamine dependence of effecto r 
functions of huma n immunocompetent ce lls. FEBS L ett 
150:390- 396, 1982 
27. Kitagawa S, T akaku F, Saka moto S: Serine protease inhibitors 
inhibit superoxide production by human polymorphonuclear le u-
kocytes a nd monocytes stimulated by various surface active 
agents. FEBS Lett 107:331- 334, 1979 
28. Schopf RE, Lemme! E-M: Control of the production of oxyge n 
inte rmediates of huma n polymorphonuclear leukocytes and 
monocytes by {3-adrenergic receptors. J Immunopharmacol 
5:203-216, 1983 
29. Voorhees JJ: Molecular mechanisms and pharmacological modu -
lation in psoriasis, Annual Reports in Medicinal Chemistry , vo l 
12. Edited by FH Clark . New York, Academ ic Press, 1977, pp 
162-171 
30. Peterson LL, Zette rgren J G, Wuepper KD: Biochemistry of trans-
glu taminases and cross- linking in the skin. J Invest Dermato l 
8l( suppl ):95s- 100s, 1983 
31. Lazarus GS, Yost FS, Cha rlotte TA: Polymorp honuclea r leuko-
cytes: possible mecha nism of accumulation in psori as is. Science 
198:1162- 1163, 1977 
32. Voorhees JJ , Duell EA: Psorias is as a possible defect of the ade ny l 
cyclase-cyclic AMP cascade. Arch Dermatol 104 :352- 358, 1971 
33. Cheung K , Archibald AC, Robinson MF: The origin of chemilu-
minescence produced by neut rophils stimulated by opsonized 
zymosan . ,) I mmunol 130:2324 - 2329, 1983 
34. Anderson TF, Voorhees JJ : Metabolic aspects of psorias is. Post-
grad Med 67:135- 149, 1980 
35. Reshad H, Hargreaves Gl< , Vickers CFJ-1 : Generalized pustu la r 
pso rias is precipitated by phenylbutazone and oxyphenbutazo ne. 
Br J Dermatol108:111- 113, 1983 
36. Allen BR, Littlewood S M: Benoxyp rofen: effect on cutaneous le-
sions in pso rias is. Br Med J 285: 124 1, 1982 
37. Langner A, Chorzel ski TP, Fraczykowska S, Jablonska S, Szyma n -
czy k J: Is chemotact ic activity of polymorphonuclear leukocytes 
increased in psorias is? Arch Dermatol Res 275:226- 228, 1983 
